Wave glider is the first unmanned autonomous marine robot to use only the ocean's endless supply of wave energy for propulsion. Wave glider comprises fin system, tether and float which harvest all of its energy from waves and sun to produce forward thrust. As a consequence of the lack of design information and data for the wave glider, the main aim of the study is using computational fluid dynamics (CFD) to present a method to predict calm water resistance for the floating hull through calculations of 3 different hull forms using the same mesh generation under the same conditions. Calculations are carried out using 3 different mesh sizes for Froude number in the range of 0.10 to 0.40 and compared for accuracy of the solution parameters. Wigley parabolic hull, high speed round bilge form (NPL) and Series 60 have been comparatively investigated in order to estimate the hydrodynamics performance of the hull. The linear seakeeping analysis, coupled heave and pitch motions, roll motion, in irregular waves, with one parameter Bretschneider and JONSWAP spectra. Numerical computations have been performed for motion response predictions of the three hulls which cover wave angles from 0˚ to 180˚ at 45˚ intervals for six different forward speeds from 0 to 4.304 knots using Maxsurf Motion software.
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Introduction
The wave glider demonstrates a new Unmanned Surface Vehicles (USV) platform with unique capabilities for continuous data collection, in a complex marine environment and could operate with no costly deep water mooring or shipping operations. Wave glider is a hybrid sea surface and underwater vehicle consisting of a submerged glider, attached via a tether, to a surface float. The vehicle is propelled by the submerged glider which can convert the vertical ocean wave motion energy into forward thrust as shown in Figure 1 . All other electrical devices are powered by solar panels attached to the float. As this vehicle was designed specifically to collect data from the ocean, the vehicle is capable of accommodating various kinds of sensors which may be used for different applications during missions [1] . The vehicle transmits data to land in real-time sequence, allowing for accurate and easy monitoring of the vehicle's trip and the data collected [2] .
CFD technology is always developing, especially in terms of new solution techniques
and these developments are given in terms applicable to the ship building industry [3] .
The main aim of the study is to investigate the CFD capability in solving fluid flow around the floating part of the wave glider. The method is validated on three standard ship hull forms which are wigley hull, NPL and series 60 (2 m). Together with the free surface shape, the calm water resistance is determined and the calculated results were compared by using commercial general purpose software fluent which solves the Reynolds-averaged Navier-stokes (RANS) equations with a finite-volume approach on hybrid structured grids in an attempt to design the floating hull [4] [5] .
Then; to further predict the seakeeping trends for hull forms as well as increase the accuracy of information, a continuation of this study looking at the three hulls should be conducted. Doing this would produce a solid base of information on how a large variety of accepted hull forms are expected to perform as a floating hull in the seas [6] .
Another tool to increase the analysis is Maxsurf Motions software which could vary the wave amplitude, change the ship's velocity or wave direction as well as look at other modal period ranges [7] . The objective of this paper is to bring accurate numerical Figure 1 . wave glider showing the surface vehicle and submerged glider (www.bing.com/images/waveglider). prediction of hull resistance and seakeeping performance closer to early stage design using a method that is flexible and applicable to high-performance hull form types.
Mathematical Model and Governing Equations
The first critical step is to select an appropriate hull forms upon which a realistic wave glider hull model may be configured. The idea behind using wigley hull, NPL and series 60 models is the availability of the numerical and experimental data and their simple geometrical form. They are also mathematically defined and have a history in being used for validation [8] [9] . CFD results of wigley hull model are calculated and compared to NPL and series 60 using the same mesh generation method under the same conditions to ensure proficiency in CFD theory [10] . k − ω turbulence model is adopted to calculate eddy viscosity in our study; this model is believed to be one of the best choices to simulate turbulence flow around ship hull [11] .
In this study, three-dimensional unsteady, incompressible, two-phase (air and water) and viscous turbulent flow field is investigated. For incompressible flow, well known, continuity and Navier-Stokes equations over a control volume are given by:
where u i and u j are time-averaged velocity components (i, j = 1, 2, 3), ρ is fluid density, p is pressure and μ is dynamic viscosity. In this equation, −ρu i ′u j ′ is called Reynolds stress which must be modeled in order to close the equations. A turbulence model is required here in order to close the system of RANS equations. SST k-ω model is developed by Menter [12] . Transport Equations for the SST k-ω Model are:
In these equations, k G represents the generation of turbulence kinetic energy due to mean velocity gradients, Maxsurf Motions uses linear strip theory method to predict the vessels heave and pitch response. Roll response is estimated assuming that the vessel behaves as a simple, damped, spring/mass system, and that the added inertia and damping are constant with frequency. The first step in the assessment of seakeeping performance is usually to determine the wave spectrum for a seaway [13] . Wave spectrum is the spectral representation of wave elevation which based on time is converted so that it can be represented as function of frequency by using FFT integration technique.
The wave assumed to be long crested that incident on the vessel. The way in which the energy of the sea distributed at various encounter frequencies is given by the wave spectrum S ζ (ω e ). By the principle of linear superposition, the sea spectrum can be related to the motion spectrum through the response amplitude operator (RAO) which is then computed for each critical mode of motion. The RAO defines the amplitude of response due to unit wave excitation. If the transfer function at various encounter frequencies are designated RAO, the response spectra is S r (ω e ) then the response spectra of the vessel in that particular seaway is given by:
Computational Domain and Grid Generation
The three hull models used for this study are standard for ship-hydrodynamics research and they are used by ITTC research programs. The characteristics and the longitudinal profile of the hull of each mode used for CFD calculations are tabulated in Table 1 . A complete CFD solution requires three major steps: preprocessing, analysis of the problem using a solver and post processing of the results [14] . In this study, preprocessing of the solution involves geometry creation of the model and an appropriate mesh generation is carried out in gambit software. The geometry is obtained by the use of offset tables and the structured hexahedral grid of each hull has been produced for the numerical investigations as shown in Figures 2-4 for wigley hull, NPL and series 60 respectively [15] [16] . These offsets data are imported into gambit in the form of vertices and then 3-D models are generated. Unstructured tetrahedral was not chosen since this type of mesh reduces accuracy and increases the computational cost despite of the fact that it is easy to handle while dealing with complex geometry [17] . 
Boundary Conditions and Solution Parameters
The fluent software is used for computations in this study. Since the motion of the freesurface is governed by gravitational and inertial forces, therefore, gravity effects must be taken into account in boundary conditions. The turbulence models of SST k-ω with standard coefficients are employed in the calculations. The inlet boundary condition upstream and the outlet boundary condition downstream are taken as pressure-inlet and pressure-outlet with open channel while the flow velocity is considered equal to the experimental velocity of the model. No-slip wall boundary condition is taken on the whole surfaces. Symmetry condition is invoked on the symmetric plane.
Convergence of the solution is assessed by monitoring the residuals of continuity, velocity, turbulence, volume fraction and drag force. The residual convergence criterion is taken as 1e −07 [18] .
Resistance Calculations
In this study; a comparison between the numerical predictions of the three hull forms is done to evaluate a mesh generation method to design the floating hull of wave glider.
The calm water resistance of the wigley hull, NPL and series 60 (2m) were calculated versus Froude number ranging from 0.10 to 0.40 under the same conditions by using CFD as shown in Figure 8 and Figure 9 .
For mesh study, the difference between total resistances for the three hulls is generally acceptable. The grid results are in very close agreement. The difference of the predicted resistance is very small and of the same order of magnitude. So the mesh generation method is applicable and the close agreement between the numerical predictions shows that the overall numerical scheme is suitable for resistance prediction. From the grid results, the fine grid is fit to the calculation and shows the most appropriate results because convergent results are obtained as the mesh size decrease so the fine grid is the one which will be applied for the other hulls. Wave glider is designed with slender hull shapes in order to decrease the wave making resistance of the ship. It can be observed from the comparisons that the NPL hull is the optimum hull, not only because it has simple geometrical form and also mathematically defined, simple and has 
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a long history in being used for validation but also has low resistance as compared to the other hulls. The calculated drag on the hull was recorded and plotted in order to judge the convergence of the solution. The coarse, medium and fine grid results are in very close agreement [19] . Finally Contours for free surface wave and volume fraction (water) for the four hull models model at various Froude number are shown in Figures 10-12 respectively.
Seakeeping Calculations
The study includes the linear seakeeping analysis, coupled heave and pitch motions, roll motion in irregular waves, heading angles varied from 0˚ to 180˚, with one parameter 
Conclusion
This paper demonstrates investigation of the optimum hull used to design the floating hull of wave glider from the resistance and seakeeping point of view. After comparing CFD calculations results for total resistance between the three hull forms, we conclude that the NPL has the lowest resistance compared to the other hulls. Also from the grid results, the fine grid is fit to the calculation and shows the most appropriate results because convergent results are obtained as the mesh size decrease. So the fine grid can be used to design the floating part of the wave glider (the hull). Furthermore, the good Based on the numerical results, we noted that the added resistance results of NPL hull is lower than the other hulls at different velocities under the same conditions. Also it may be seen that the RAOs for the NPL are slightly less than wigley hull and series 60
form. However, it is necessary to calculate the actual seakeeping characteristics in the expected sea conditions to ensure the results that NPL is the best floating hull for the wave glider.
